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B-jet Physics: Energy Loss 2
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B-jet Identification Methodology 3
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sPHENIX should have access to 3 
different techniques for heavy-flavor 
identification:

(1) Semi-leptonic decay
(2) Multiple Large DCA tracks
(3) Secondary Vertex Mass

Track Counting requirements:

Large single particle reconstruction 
efficiency, ∼ϵN

Narrow primary hadron DCA distribution (<70um)

from the April Review…

assumes 
100% 
track 
efficiency



Partial Factorization: Inner Tracking Goals 4

Inner Tracking 
(0 < r < 10-30 cm) Outer Tracking 

(10-30 < r < 80 cm) 

Outer tracking: 
(1) momentum resolution optimization

(2) pattern recognition ambiguity breaking

Inner tracking: 
(1) precision track position            

(DCA, 2nd vertexing)

(2) high resolution collision vertexing

(3) pattern recognition ambiguity 

breaking



Tracking Option: Pixels 5

Pixel Layer 1, 92.5% Active

Pixel Layer 2, 72.5% Active



Tracking Option: MAPS sensors 6

Inner Silicon Concept: 
Thin, fine pitch (<30 um), large efficiency (99.9…%) 
Optimizations for material thickness, ~0.3%/layer

Integration time: ~2-4 us


Goal: 

Precision tracking & vertexing for b-jet identification

and other tracking duties

Opportunity: 

Reuse thin inner tracking layers during the EIC era



MAPS Technology Motivation 7
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MAPS Cost & Schedule Workfest 8

https://indico.bnl.gov/conferenceDisplay.py?confId=1741



MAPS Cost & Schedule Workfest 9



Participants 10

Good turnout

20 people attend in-person

most listed here as registrants


Key Invited Experts:

Leo Greiner, LBL 
Flemming Videbaek, BNL 
Luciano Musa, CERN (phone)
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Presentations 12

1st Day

2nd Day



Draft Project File 13

pre-prepared by David Lee (FVTX, LBNE short baseline)
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ALICE Inner Barrel Support & Services 19

Stave"

Half"Layer"

Detector"Half"Barrel"
3"Half"Layers"

End"wheel"

End"wheel"

Inner"Barrel"

30"

A"Large"Ion"Collider"Experiment"



Inner Barrel Staves 20

55"

Inner"Barrel"–"Geometry"and"material"budget"

Coolant:"H2O,""leak8less"
Sensor"temperature"<"30°C""
Temperature"non8uniformity"<"5°C"

1.5gram"weight""

Tout=16.6(°C"

Tin=15.8°(C(

Max(T(periph=18.5°(C(

Min(T(pixel(=16.5°(C(

290mm"length"

W"="100"mW"/"cm2""(>"x2"nominal)",""H2O"flow"rate"="3"Lh
81"""

A"Large"Ion"Collider"Experiment"



ALICE Wire Bonding 21

digital pathways will be wire bonded…



ALICE Construction Schedule 22

+ add ~6 months

Stave Assembly at CERN 
1/17 - 1/18 
Can we extend that production?
Already x2.2 Inner 3-layers



Two Options 23

“buy staves” “build staves”

early funding (mid-2017) allows us to 
extend the CERN production of inner 
staves


embed people in the stave production 
and readout development


sPHENIX develops readout for integration 
into DAQ


sPHENIX develops mechanics to place 
barrel in experiment


Advantage: early access to full detector,

cheaper with less labor, full leverage 
CERN expertise


Risk: early funding path

later funding allows us to assemble new 
staves


embed people in the stave production 
and readout development


sPHENIX procures the stave components 
and uses the CERN assembly lab


sPHENIX develops readout and 
mechanics for detector integration


Advantage: greater familiarity with the 
detector components, more capability for 
future projects


Risk: more FTEs, later detector arrival, 
greater cost



“Buy Staves” 24



“Buy Staves” #2 25



“Buy Staves” #3 26

Run procurements in two parallel lines (detector hardware, mechanics & servicing)

Add more time for R&D on readout

Contingency for custom readout boards (~$750k)

All Staves In Hand



Simulations 27



Generic Kalman Code Progress 28

Critical Tracking 
Infrastructure coming 
thanks to Haiwang (NMSU)



Simulations 29

+ and lots of tutorial sessions that were very helpful to new people!



sPHENIX Starter VM 30

Download the sPHENIX environment (10GB) and push play:

https://www.phenix.bnl.gov/~mccumber/sphenixvm/

Roll your own or setup a computer in your lab:

https://www.phenix.bnl.gov/~mccumber/sphenixvm/setup

https://www.phenix.bnl.gov/~mccumber/sphenixvm/setup


What’s Next? 31

End of the workfest: “buy staves” file was ordered and loaded

Ballpark figure: $3-4M (under the $5M mark)

Schedule Consensus: “buy stave” option preferred, less sch. risk


My ambition to finalize in 3 days this week was thwarted: 

Few day delay while obtaining MS Project (couldn’t extend travel 
laptop checkout), new schedule is to do this next week


Finalize “buy staves” project file schedule, parallelize the 
procurements, add contingency for custom readout board 
design (plan to retire this risk under LDRD)


Then expand to the “build staves” option with details from Leo 
on the last day


Shop around for more collaborators

Develop additional funding paths



ONE MORE THING…



LDRD Full Proposal Call 33

Good news! We’ve pass the first cut! Some excerpts from the feedback:

“This proposal will build a new b-quark tracking detector for the planned sPHENIX 
experiment. Impact is high, since you can't have b-quark physics program without a b-
quark tracking detector.  End of project plan is to have a prototype detector, scalable to 
sPHENIX.”

▪ Clearly an essential element of sPhenix.
▪ Theory effort is strong and in support of experimental effort. 
▪ Studying the QGP is one of the major Nuclear Physics thrusts, and is of the highest priority in DOE/NP, 

and the community. 

“This DR is well aligned for this timeline, and if pushed off to future years, could be a lost opportunity.”
~ Review Committee

Full proposal due on May 12th 
Expect an oral defense date May 31-June7th 
1st internal strategy meeting: yesterday

In other news: Moving in to a new lab space on Monday 
Computers arrived and being setup, Small fund allocated for ancillary 
items, starting those purchases now.



BACKUP SLIDES



ALPIDE Operation 35
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ALPIDE Readout 36
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Architecture"

▶  In8pixel"amplificaEon"

▶  In8pixel"discriminaEon"

▶  In8pixel"(mulE8)"hit"buffer"

▶  In8matrix"sparsificaEon"

Key"Features"

!  28"µm"x"28"mm"pixel"pitch"
!  ConEnuously"acEve,"ultra8low"power"front8end"(40nW/pixel)"

!  No"clock"propagaEon"to"the"matrix"""ultra8low"power"matrix"readout"(2mW"whole"chip)"

!  Global"shuwer"(<10µs):"triggered"acquisiEon"or"conEnuous"


